Questionnaires that assess symptoms of schizophrenia patients undergo strict statistical validation, often using confirmatory factor analysis (CFA). CFA allows testing the existence of a trait that both collectively explains the symptoms and gathers the information in a single general index. In rodents, some behaviors are used to model psychiatric symptoms, but no single test or paradigm adequately captures the disorder's phenotype in toto. This work investigated the existence of a behavioral trait in the SHR strain underlying five behavioral tasks used in schizophrenia animal studies and altered in this strain: locomotor activity, rearing behavior, social interaction, prepulse inhibition of startle and contextual fear conditioning. The analysis was conducted on a sample of Wistar (n = 290) and Spontaneously Hypertensive Rats (SHRs, n = 290). CFA showed the existence of a continuous trait in both strains, and higher values among SHRs. This work is the first to demonstrate the existence of a schizophrenia-like trait in an animal model. We suggest that using CFA to evaluate behavioral parameters in animals might facilitate the pre-clinical investigation of psychiatric disorders, diminishing the gap between animal and human studies.
Introduction
Schizophrenia is a debilitating psychiatric disorder that affects 0.7% of world's population and involves cognitive, behavioral and emotional dysfunctions (American Psychiatric Association, 2013; MacDonald and Schulz, 2009) . Pharmacotherapy for schizophrenia is mainly focused on the positive symptoms and it still presents high rates of treatment resistance and adverse effects (Briles et al., 2012; Hasan et al., 2012) . Animal models offer a tool to better understand the psychopathology and to investigate new pharmacological strategies. However, establishing reliable animal models for psychiatric disorders remains a challenge, since these disorders present abnormalities of uniquely human behaviors.
In humans, one of the most commonly used scales to assess symptoms of schizophrenia is the Positive and Negative Syndrome Scale (PANSS), which is divided into three subscales: positive, negative and general psychopathology (Kay et al., 1987) . Positive symptoms include hallucinations, delusions, bizarre behavior, and formal thought disorder, which can be captured using the scale for Assessment of Positive Symptoms (SAPS) (Sajatovic and Ramirez, 2012) . A Scale for Assessment of Negative Symptoms (SANS) (Sajatovic and Ramirez, 2012) was developed to be used with the SAPS, assessing five subdomains of negative symptoms (attention, anhedonia-asociality, avolition-apathy, alogia and affective flattening). Together, the positive and negative symptoms act as general indicators of psychopathological status in the disorder (Nicotra et al., 2015) .
In rodents, several tasks are used to infer various aspects of human schizophrenia (Barnes et al., 2014; Jones et al., 2011; Lipska and Weinberger, 2000; Mattei et al., 2015; Miyamoto and Nitta, 2014; Ratajczak et al., 2013) ; for instance, locomotor activity to assess positive symptoms, social interaction task and sucrose preference test to investigate negative symptoms, novel object recognition and fear conditioning for cognitive symptoms, and prepulse inhibition of startle (PPI) to study pre-attentional information processing (Table 1) . However, none are sufficient to evaluate the common underlying trait (i.e., the disorder as a whole). In addition, the specific subset of behavioral abnormalities demonstrated in a particular animal model may resemble only certain facets of the human symptoms (Jones et al., 2011) .
The spontaneously hypertensive rat (SHR) strain has emerged as a promising model to investigate schizophrenia. In previous studies, we have described that, when compared to Wistar rats, SHRs display behavioral abnormalities that can be specifically reversed by antipsychotic drugs and aggravated by pro-psychotic manipulations. SHRs display hyperlocomotion, which models positive symptoms (Calzavara et al., 2011a) ; social interaction deficits, mimicking the negative symptoms, with a simultaneous increased rearing behavior (Calzavara et al., 2011a) ; diminished contextual fear conditioning (Calzavara et al., 2009; Calzavara et al., 2011b) , taken as a measure of cognitive symptoms and impaired emotional processing; and decreased PPI (Levin et al., 2011) , modeling information processing deficits. Here we hypothesize that each of these characteristics reveals an individual facet of a single underlying common phenomenon.
To investigate this behavior as a whole, it would be useful to create, from these observed variables, a general index that gathers the common variance from each task, as do psychometric scales in humans. Since the clinical scales have a common unit (for instance, Likert scaling and dichotomous items) the individual items can often be summed to compose a general "score". However, the observed variables in the animal tasks do not have the same physical quantities (e.g., time in seconds for social interaction; frequency for rearing behavior, and percentage for PPI), posing some difficulty.
Confirmatory factor analysis (CFA) is a statistical approach that tests a hypothesized relationship between observed variables and one or more underlying latent traits (Urbina, 2004) . The latent trait (also referred to as a factor, construct or latent variable) is a variable not directly measurable or observable that lies behind the observed phenomena (Urbina, 2004) . Intelligence and anxiety are examples of latent traits, which underlie performance on multiple related tests or scales intended to assess them. A practical benefit of CFA is that we can estimate a single general score from many observed variables. This approach subverts measurement errors, including experimenter bias and instrument imprecision, that are inherent within each of the individual tasks (Brown, 2015) , to provide a more precise estimate of the underlying characteristic. Although widely employed to validate human psychometric tools, this approach has not been used to investigate latent phenomena underlying behavioral features in animal models. However, previous works have already aimed to compose a single measure derived from different observed behaviors in an animal model of Post-Traumatic Stress Disorder (Deslauriers et al., 2017; Toth et al., 2016) by using z-score. Nevertheless, CFA presents advantages: 1) it considers how much each observable variable contributes to the latent trait (the factor loadings of the CFA analysis); 2) it deals with missing values allowing the use of incomplete data; 3) it uses the variables in their natural unity of measurement, and non-normality can be dealt with maximum likelihood robust estimator (MLR) without the necessity of transforming the data; 4) when using more than three observed variables, it allows to assess the goodness of fit of the hypothesized model.
The main objective of this work was to compose and validate a latent variable that can act as a general index of schizophrenia-like behavior in SHR rats. For that purpose, we tested the five behavioral measures pharmacologically validated in the SHR model (i.e. locomotor activity, rearing behavior, social interaction, PPI, and freezing behavior on contextual fear conditioning) as indices of a schizophrenia-like trait (SLT) in this animal model. In a large sample of Wistar rats and SHRs, we applied CFA to test models that combine these five measures.
Materials and methods

Sample and experimental design
To provide evidence of SLT, an analysis was conducted on data from 10 different behavioral studies previously conducted on our lab (2012) (2013) (2014) (2015) . The sample for this analysis included all vehicle-treated animals, comprising 580 rats from Wistar (n = 290) and SHR (n = 290) strains.
All animals were male 3 months old, obtained from our own colony and maintained under controlled environmental conditions (light/dark cycle, lights on 6:30-18:30 and 22-23°C) with free access to food and water.
All procedures were approved by the Ethical Committee of the Federal University of São Paulo (CEUA/UNIFESP, 9903110316), and followed the guidelines of the National Institutes of Health guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised 1978) .
Behavioral tasks
Social interaction and locomotor activity
Social interaction, rearing behavior and locomotor activity were assessed simultaneously, as described elsewhere (Calzavara et al., 2011a) . The evaluation was performed on a circular open-field arena (97 cm in diameter and 32.5 cm high, with an open top and a floor divided into 19 similar quadrants).
Pairs of unfamiliar rats from the same strain were placed on the open-field arena approximately 80 cm apart from each other. Locomotor activity, rearing behavior and social behavior were quantified during 10 min. Locomotor activity was defined as the number of floor quadrants entered. Rearing behavior was measured by the amount of times each animal stood on its hind legs. Total social interaction time was calculated by the sum of the time spent in sniffing, following or passive social behaviors (when animals lie next to each other within a distance of 5 cm from skin to skin).
Prepulse inhibition of startle
Prepulse inhibition of startle (PPI) was performed as described previously . PPI task began by placing each animal in a stabilimeter cage where they were exposed to a background (60 dB) noise during 5 min and then submitted to a series of 10 stimuli (pulse alone -120 dB, 50 ms duration), with an inter-trial interval of 20 s. Thereafter, the pre-pulse modulation of the acoustic startle was evaluated. This phase consisted of pseudorandomly trials divided into four different categories presented with an inter-trial interval of 20 s: 20 Table 1 Human schizophrenia symptoms and the corresponding behavioral abnormalities in rodents used in pre-clinical studies to mimic them.
Symptoms in humans
Behavioral abnormalities in rodents Positive symptoms (Lipska and Weinberger, 2000) Increased locomotor activity Stereotypic behavior Increased sensitivity to dopamine agonists and NMDA antagonists Negative symptoms (Miyamoto and Nitta, 2014) Decreased social interaction Increased anhedonia-like behaviors (decreased sucrose preference) Increased depression-like behaviors (increased immobility in forced swimming and tail suspension tests) Cognitive deficits (Lipska and Weinberger, 2000, Maren et al., 2013) Deficits in the contextual fear conditioning task Deficits in the novel object recognition task Deficits in latent inhibition Information processing deficits (Geyer, 2008) Deficits in prepulse inhibition of startle task
The behavioral abnormalities included in our model are highlighted.
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Contextual fear conditioning
The contextual fear conditioning task consisted of two consecutive days, as described before (Calzavara et al., 2009 ). On the first day (training session), animals were individually placed in a dark chamber with a grid floor (22 × 22 × 22 cm). After 140 s, 0.4 mA and 5 s duration foot shocks were applied every 30 s for the subsequent 160 s. Thirty seconds after the last foot shock, the animal was removed from the apparatus. Twenty-four hours later (test session), each rat was placed in the same dark chamber without receiving foot shocks. The freezing duration (defined as complete immobility of the animal with the absence of vibrissae movements and sniffing) was scored live in test session during 5 min.
Statistical analysis
CFA is a statistical technique that allows the confirmation of a hypothesized relationship between observed variables. Here, we hypothesized that a single latent trait underlies five behavioral tasks used in pre-clinical studies (locomotor activity, rearing behavior, social interaction, PPI and freezing behavior on contextual fear conditioning) in SHR and Wistar rats. The statistical model tested is depicted in Fig. 1A . The Mplus syntaxes for all models used are provided in Appendix 1.
We also aimed to verify that the means of the latent trait are different between Wistar and SHR strains. For that purpose, we applied a CFA with covariates (Muthén, 1989) , also called "multiple cause, multiple indicators" (MIMIC). The model allows us to identify population heterogeneity (i.e. a difference in the SLT between Wistar rats and SHRs), by inspecting the direct effect of strain on the SLT latent variable (Fig. 1B) . The model also allows us to investigate the possibility of differential functioning of the tasks, analogous to "differential item function" in CFA of human psychometrics. In the present context, differential task function analysis indicates whether inter-individual differences in the performance of a given task (e.g., rearing, locomotory behavior, social interaction, fear conditioning, and PPI) are related to strain (Wistar vs SHR), rather than differences in the SLT per se. Differential task functioning is evaluated by regressing the covariate strain on the five indicators, while simultaneously estimating the relationship between the SLT and the five behavioral tasks. A significant direct effect of strain on the behavioral tasks, controlling for the SLT, represents differential task function (Brown, 2015) . Differential task function is evaluated via modification indices, where a direct effect of strain would be considered relevant if the modification index exceeds 4.0 (Brown, 2015) . Similarly, focal areas of misfit were investigated using modification indices. Focal areas of misfit may indicate local dependencies within a certain subset of indicators. For example, a significant effect of locomotor activity on social behavior, controlling for the SLT, would be indicated by a modification index > 4.0.
To evaluate the statistical model goodness of fit (i.e., if the hypothesized statistical model fits the data) the following indices were used: chi-square (χ 2 ), Confirmatory Fit Index (CFI), Tucker-Lewis Index (TLI), root mean square error approximation (RMSEA), and standardized root mean square residual (SRMR). The following cutoff criteria were used to determine a well fit model: not statistically significant chisquare (p-value > 0.05), RMSEA near or < 0.05 (Browne et al., 1993) and a non-significant Cfit (p-value > 0.05), a statistical test of closeness of model fit using RMSEA. Lastly, for a well fitted model, it is expected CFI and TLI to be near or > 0.95 (Hu and Bentler, 1999a) and SRMR < 0.08 (Hu and Bentler, 1999b) . In order for a unidimensional model to be evaluable in terms of goodness of fit, it is necessary to have at least four observed variables (i.e., tasks) generating, then, a overidentified model, otherwise, it will be: 1) a just-identified model (with 3 variables) and, therefore, will have a perfect goodness of fit, or 2) will not converge (with 2) (see Bollen, 1989, page 244) . In terms of taking account into the non-independence of the observations (i.e., 10 different behavioral studies previously conducted on our lab (2012-2015)), we ran the CFA considering the cohorts as a cluster measure and then corrected the fit indices and standard errors were generated. Details about how this correction is conducted are described by (Asparouhov, 2005 (Asparouhov, , 2006 . Via these fit indices (i.e. CFI, TLI, RMSEA), we evaluate how the theoretical model fits the real data, beyond the aim of reducing the different behavioral data into a single component, as for example, using Principal Component Analysis (Bartholomew, 2004) . Instead, CFA also "[sheds] light on the correspondence with a putative latent variable structure" (Borsboom, 2006) . Further, CFA can test invariance of a given latent factor under different conditions (as in the proposed MIMIC model) and characterize the residual variance for each task (i.e., the amount of information that is not correlated with the SLT).
Since this is the first work using CFA for behavioral measures in rats, we chose to apply it to a large sample size to assure that we could aggregate variability and explore differential task function with precision. The sample size required to perform a CFA can be estimated by , and strain as a covariant (i.e., as a predictor of SLT). SLT, schizophrenia-like trait; LOC, locomotor activity; RB, rearing behavior; SI, social interaction; PPI, prepulse inhibition of startle; FB, freezing behavior.
Monte Carlo simulation (Muthén and Muthén, 2002) , which we have performed post-hoc on our empirical data.
In addition, for a better characterization of the data, we calculated the Pearson's coefficient of variation and performed an independent ttest for each behavioral outcome. To evaluate the relationship between these behavioral measures, we performed a Pearson's bivariate correlation.
The adopted statistical significance level was 0.05. The confirmatory factor analyses and MIMIC were run using Mplus version 8.0 (Muthén and Muthén, 2012) under robust maximum likelihood estimator, which deals with missing data via full information maximum likelihood and is robust regarding non-normality of the animal behaviors tasks distributions. Independent t-tests and Pearson's bivariate correlations were run using SPSS 20.0.
Results
Characteristics of the SLT model
The unidimensional model (n = 580) returned excellent fit indices: χ 2 (5) = 5.567, p-value = 0.3506; RMSEA = 0.014 (90% confidence interval = 0.000-0.061) and Cfit = 0.874; CFI = 0.996; TLI = 0.992; and SRMR = 0.023. Summarizing, we have evidence for a well-fit model, with a continuous trait (Fig. 2) . The magnitude of the correlation between the observed variables and the latent trait is indicated by the factor loadings. Locomotor activity, rearing behavior, social interaction, and freezing behavior had significant factor loadings: 0.565, 0.733, −0.546, and −0.264, respectively. PPI showed a non-significant factor loading of 0.065. In term of residual variance, we have respectively: 68.1%, 46.2%, 70.2%, 99.6%, 93.0%. No focal area of misfit was found. Taking account into the non-independence among the animals (i.e., ten cohorts of experiment), the fit indices for the unidimensional model are also excellent: χ 2 (5) = 3.409, p-value = 0.6372; RMSEA = 0 (90%CI = 0-0.047), CFI = 1.000, TLI = 1.169; SRMR = 0.023.
Heterogeneity in the SLT between strains
Although the fit indices decreased with the introduction of the strain as a covariate (Fig. 1B -χ 2 (9) = 27.678, p-value = 0.0011; RMSEA = 0.060 [90% confidence interval = 0.035-0.086] and Cfit = 0.232; CFI = 0.946; TLI = 0.910; and SRMR = 0.039), the model remained acceptable. A significant direct effect of strain was observed on the SLT (p-value < 0.001), with the trait estimated to be 1.56 standard deviations higher among SHRs than among Wistar rats (Fig. 3) .
Investigation of individual task functions
We investigated whether the decrease in the fit indices after the introduction of strain as a covariate were related to differential task functioning. We observed that, if we consider Wistar and SHR rats with the same amount of SLT, SHRs will perform lower in freezing behavior (β = 53.291, p < 0.001) and in social interaction (β = 56.86, p < 0.002). Accounting for differential task functioning, the model increased in fit indices (χ 2 (7) = 4.000, p-value = 0.7798; RMSEA = 0.00 [90% confidence interval = 0.000-0.034] and Cfit = 0.992; CFI = 1.000; TLI = 1.019; and SRMR = 0.016). The model that considers the differential task functioning is shown in Fig. 4 .
In independent t-tests, Wistar and SHR strains differed in locomotor activity (t(363) = −6.498; p < 0.001), rearing behavior (t (338,480) = −10.159; p < 0.001), social interaction (t (272,629) = 11.054; p < 0.001), and freezing behavior (t (359,232) = 8.261; p < 0.001), but not PPI (t(351) = −0.145; p = 0.885) ( Table 2 ). In Pearson's bivariate correlations, there was a significant correlation between each of the evaluated behaviors, with the exceptions of PPI and the correlation between freezing behavior and locomotor activity (Table 3) . The arrows from the latent trait to the observed variables show the factor loadings, which are standardized, indicating the correlation magnitude between the variables and the latent trait SLT. (B) Distribution of SLT (mean = 0.00, standard deviation = 0.275, skewness = 0.094, and kurtosis = 0.852). As the model variance of the latent trait was fixed to 1.00, SLT is represented here with a standardized z-score unit. SLT, schizophrenia-like trait; LOC, locomotor activity; RB, rearing behavior; SI, social interaction; PPI, prepulse inhibition of startle; FB, freezing behavior. 
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The results of a Monte Carlo simulation based on our empirical data is presented in Appendix 2. From 50 rats, there was at least 80% power to identify statistically significant factor loadings for the locomotor activity, rearing behavior, and social interaction tasks.
Discussion
We found a single schizophrenia-like trait (SLT) underlying the five chosen behavioral measures. These measures were hypothesized to inform the same underlying construct because they model one or more of the three core symptoms of schizophrenia: increased locomotor activity (positive symptoms), diminished social interaction (negative symptoms), impaired contextual fear conditioning (cognitive symptoms), deficit on prepulse inhibition of startle (positive/cognitive symptoms), and increased rearing behavior (positive/negative/cognitive symptoms), and because they are restored specifically by antipsychotic drugs (Calzavara et al., 2011a; Calzavara et al., 2009; Levin et al., 2011) in the SHR animal model. Modeling these behaviors together revealed an SLT that behaves as a continuum, a finding in accordance with the nature of the disorder in humans. As hypothesized, the SLT was elevated in the SHR strain when compared to a control strain of Wistar rats.
Rearing behavior showed the highest factor loading, indicating that this observed variable has the strongest correlation with the SLT. Rearing is an exploratory behavior, characterized by the animal standing on its hind legs, raising its forelimbs off the ground to sniff or observe the surroundings, in order to collect information from it (Lever et al., 2006) . We chose to evaluate rearing in a social situation because in this context rearing is considered an antisocial behavior, indicating that the animal prefers to explore the environment rather than to interact with an unfamiliar rodent (Calzavara et al., 2011a) . Therefore, increased rearing behavior can be interpreted as a negative-like symptom. Also, the increase in exploratory behavior might reflect impairments in working memory, a cognitive symptom seen in schizophrenia (Lett et al., 2014) . In addition, enhanced rearing has been correlated with increased striatal dopamine release (Thiel et al., 1999) . In schizophrenia patients, increased striatal dopamine activity underlies the manifestation of positive symptoms (Laruelle et al., 1996) . Considering the aforementioned, the rearing behavior offers validity for positive-, negative-and cognitive-like symptoms, which might explain its high factor loading onto a trait intended to model the disorder as whole. The results suggest that this behavior may be underutilized in behavioral studies of schizophrenia in rodents.
High factor loadings were found also for locomotor activity and social interaction. For the freezing behavior, assessed in the contextual fear conditioning task, an intermediately strong factor loading was identified. Concerning the direction of the factor loadings, locomotor activity and rearing behavior showed positive ones, indicating that the higher the locomotion and rearing, the higher the SLT. Indeed, increased locomotion is considered a psychosis-like symptom in animal models (Lipska and Weinberger, 2000) . It is also noteworthy that SHRs' hyperlocomotion and increased rearing expression are reversed by the administration of antipsychotic drugs (Calzavara et al., 2011a) . On the other hand, social interaction and freezing behavior exhibited negative factor loadings, indicating that the lower the social interaction and freezing response, the higher the expression of SLT. Diminished social interaction and deficits in fear conditioning (measured by diminished freezing response) are characteristic of animal models of schizophrenia (Maren et al., 2013; Miyamoto and Nitta, 2014) . The SHR strain presents both of these behavioral abnormalities, which are attenuated specifically by antipsychotic drugs (Calzavara et al., 2009; Calzavara et al., 2011b) .
It might be argued that simultaneous evaluation of locomotor activity, rearing behavior and social interaction could yield biased results; however, if absence of independence were an issue, it would have affected the global goodness-of-fit indices in the CFA. Also, it would result in a focal area of misfit in the CFA solution, which the modification indices in our data did not support. Therefore, these measures can be Fig. 4 . MIMIC model constituted by one latent trait (SLT, represented by the circle), five observed behavioral indicators (represented by squares), and strain as a covariant (i.e., as a predictor of SLT). Solid line represents the population's heterogeneity. Dashed lines represent differential task functioning. SLT, schizophrenia-like trait; LOC, locomotor activity; RB, rearing behavior; SI, social interaction; PPI, prepulse inhibition of startle; FB, freezing behavior.
Table 2
Mean, standard deviation (SD), and coefficient of variation (CV) for all the behavioral measures: locomotor activity (measured by the number of floor squares entered), rearing behavior (measured by the amount of times each animal stood on its hind legs), social interaction (in seconds spent in social behaviors), prepulse inhibition of startle (in percentage of inhibition promoted by the prepulse), and freezing behavior (in seconds).
Strain
Locomotor activity Progress in Neuropsychopharmacology & Biological Psychiatry 85 (2018) 16-22 obtained concurrently. Decreased social interaction is seen even when the animals are previously habituated to the open field arena (Calzavara et al., 2011a) , a procedure that reduces locomotor activity. Also, this acclimatization does not restore hyperlocomotion, demonstrating that these behaviors are not dependent on the novelty effect (Calzavara et al., 2011a) . Moreover, increased locomotor activity in the SHR is also seen when animals are individually placed in the open field arena (Calzavara et al., 2011a) . Consequently, we chose to perform the pharmacological characterization of the SHR model with locomotor activity and social interaction being assessed simultaneously (Calzavara et al., 2011a) . Reinforcing the dissociation between these behaviors, some drugs that restore deficits in social interaction do not reverse hyperlocomotion in the SHR, and vice-versa , and the difference between Wistar and SHR strains in social interaction remains significant when controlling for locomotor activity in analyses of covariance . We have previously described diminished PPI in the SHR strain (Levin et al., 2011; Levin et al., 2014) . Nonetheless, here, analyzing a large sample of rats, we failed to detect this difference. This absence of strain effect may be due to the high variability in PPI as a consequence of cohort-dependent effects (coefficient of variation = 161.84%). Although PPI impairments are seen in animal models of schizophrenia (Geyer, 2008) , and in patients with schizophrenia (Grillon et al., 1992) , this deficit is also seen in other psychiatric conditions (Ahmari et al., 2012; Perry et al., 2001; Swerdlow et al., 2001 ) so it may not contribute to the SLT specifically per se. In addition, PPI is neither part of a schizophrenia diagnosis, nor evaluated by psychometric scales, concordant with the way the SLT is characterized here. Regarding the startle response, even though it is not commonly evaluated in animal models, it is diminished among SHRs and patients with schizophrenia (Quednow et al., 2006) ; however, when seen, the difference on PPI between SHRs and Wistar rats remains significant when controlled by startle .
It is noteworthy that SHR strain is commonly used as a model for Attention-Deficit Hyperactivity Disorder (ADHD). Therefore, one might argue that the trait found here could be related to ADHD. Nonetheless, the studies using SHR as a model for ADHD are performed mainly with young animals and use Wistar Kyoto rats (WKY) as control -contrary to the experiments included here, with adult animals and using Wistar rats as control. Using WKY as control may be inappropriate since they display depressive-like behaviors, being used to model this disorder (Overstreet, 2012) . Moreover, several studies report that SHRs behavioral abnormalities do not respond to psychostimulant drugs -used to treat ADHD -or are even worsened by them (Amini et al., 2004; Barron et al., 2009; Bizot et al., 2007; Calzavara et al., 2011a; Calzavara et al., 2009; Levin et al., 2011; van den Bergh et al., 2006; Yang et al., 2006) . All SHRs' behavioral abnormalities included in our model were pharmacologically validated: they are reversed by antipsychotic drugs (used to treat schizophrenia), but not by psychostimulant drugs, mood stabilizers or drugs that modulate anxiety (Calzavara et al., 2011a; Calzavara et al., 2009; Levin et al., 2011) . Also, although hyperlocomotion and increased rearing behavior are seen in ADHD models, this is not the case for the decreased social behavior. In fact, in studies using the SHR strain as a model for ADHD, SHRs display increased social behavior (when compared to WKY) (Baek et al., 2014; Gauthier et al., 2015) , and methylphenidate decreases it (Achterberg et al., 2015; Robinson and Bucci, 2014; Robinson et al., 2012) .
The addition of strain as a covariate reduced the global goodness-offit indices. This was expected, given that Wistar and SHR strains display statistically different SLT values, i.e., we have two distinct populations. Nevertheless, the model remained acceptable, allowing the comparison of SLT means between the strains. To further elucidate this difference between strains, we performed an analysis of differential task functioning, after the addition of strain as covariate. The analysis returned that SHRs, when compared to Wistar rats with the same level of SLT, had lower freezing behavior (on average 53.29 s) and lower social interaction (on average 56.80 s), regardless of their difference in SLT.
Although we chose a large sample size for this investigation, the data suggest this to be unnecessary in further behavioral studies. The study power depends on the obtained/expected magnitude of factor loadings. For instance, 50 rats would have been sufficient power (i.e., higher than 0.8) for relationships observed between locomotor activity, rearing behavior, and social interaction and the SLT; however, as a more general rule of thumb, for normally distributed data, a ratio as low as 5 animals per variable [tasks] might be sufficient in many cases (Bentler and Chou, 1987) .
According to the DSM-V (F.20.9), to diagnose schizophrenia at least two of the following symptoms must be present for a significant portion of time during a period of one month: delusions, hallucinations, disorganized speech, grossly disorganized or catatonic behavior and negative symptoms (American Psychiatric Association, 2013) . The first four symptoms are considered positive symptoms. In other words, positive and/or negative symptoms are core features to identify schizophrenia. This is in accordance with our findings: the animals' behaviors that model positive and/or negative symptoms have a higher correlation with the estimated SLT. Apart from this, compared to the other classes of symptoms, cognitive symptoms are less relevant for schizophrenia diagnosis. Similarly, our model shows that the behavioral tasks that assess information processing are less correlated with SLT. This application of CFA confirmed that a single latent trait underlies commonly assessed schizophrenia-like behaviors in the SHR model, offering excellent face validity with psychometric studies of the disorder in humans (Stefanovics et al., 2014) . Nonetheless, it is important to consider that not all schizophrenia patients experience all the symptoms modeled by the behaviors included in our statistical model. Consequently, although applying CFA represents an advance to pre-clinical psychiatric studies, behavioral phenotypes should also be analyzed separately. This is of particular relevance on studies investigating pharmacological interventions, which might be specific to one or more symptoms.
It should be noted that the behaviors chosen here were more related to exploratory/social behaviors. From another standpoint, it should be considered that the behaviors chosen to compose this SLT were selected based on their specific improvement by antipsychotic drugs in the SHR strain. In this regard, the trait found here might also be suggested as a latent trait related to behavioral responsiveness to antipsychotic drugs, expanding its usefulness. In future studies, additional validated behavioral measures -including other parameters that assess the behaviors evaluated here -might be tested as constituents of the SLT strengthening the model. Also, it would be of great relevance to test the SLT across different animal models of schizophrenia to determine its generalizability beyond the SHR model.
In conclusion, the use of a continuous trait in animals would be consistent with the nature of the disorder in humans, where symptom severity differs considerably between individuals who meet or do not meet diagnostic criteria. This general index facilitates the investigation of the disorder as a whole, and/or of the effects of interventions thereupon. The application of CFA to animal behavioral studies provides a useful measure to validate animal models, and to use as an outcome in future studies. The approach offers a new tool to diminish the gap between animal and human psychiatric investigations.
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